An elementary mechanical model of a coupled subduction zone is presented. It is used to study the transfer of extensional stresses along the underthrusting plate, and shear stress interactions between the plate itself and its thrust contact zone with the overriding plate, during the earthquake cycle. The model assumes an elastic plate which deforms one dimensionally, has shear drag interactions (treated approximately by the Elsasser procedure) with a Maxwellian viscoelastic mantle, and is subject to steady gravitational sinking forces. Great thrust earthquakes are simulated as sudden stress-relieving displacements at the contact zone between the slab and overriding plate. The model allows analysis of the spaceand time-variable stresses in the main thrust zone, the adjacent oceanic plate, and the subducting slab over each earthquake cycle. Stress variations leading to outer-rise events are discussed, as well as stress changes responsible for intraplate seismicity downdip from the main thrust zone, based on simulations of periodic great earthquakes. The results of simulated slow progression of deformation (slip) from below into the thrust contact zone are also presented. Such preslip, occurring over a time scale that is small in comparison with the whole seismic cycle (e.g., of the order of a tenth or so), is shown to transiently slow the rate of buildup of, or even relieve, extensional stresses in the slab. In the absence of preslip those stresses build up steadily in time during the latter part of the cycle. The results have implications for induction of sesimic quiescence as well as for explaining patterns of seismicity in relation to spatial position along the underthrusting plate and to time throughout the cycle. Correlations are reported between the model simulations and seismicity observations from coupled subduction zones around the world. The observations include tensional outer-rise events after large subduction earthquakes and compressional ones in the latter parts of the cycle, normal (tensional) intraplate earthquakes preceding the main thrust events and positioned downdip from the thrust zones, and interlaced periods of seismic activity in the lower part of the main thrust zone and in the descending slab.
INTRODUCTION
The concept of large earthquakes repeating themselves along coupled subduction zones has long been recognized [Fedotov, 1965] and used as the basis underlying seismic gap predictions [e.g., Mogi, 1969 Mogi, , 1979 Kelleher, 1970 Kelleher, , 1972 Sykes, 1971 Also, geodetic data from different subduction zones in Japan suggest that slip occurs at depths downdip from the interface thrust zones before great earthquakes. The presence of such slowly acting slip is also evidence of tensional stresses occurring deeper in the slab before great subduction earthquakes; this has been discussed and modeled by Thatcher and Rundle [1979, 1984] .
Here we will list some additional observational evidence concerning large normal earthquakes occurring before gapfilling subduction events. 
In the region of La Ligua in north central

Outer-Rise Earthquakes
We will now look for possible signs of space-and timedependent stresses during the whole earthquake cycle in the outer-rise zones, that is, zones of oceanic lithosphere adjacent to subduction regions. The areas of outer rise are thought to be under bending stresses [Chapple and Forsyth, 1979; Forsyth, 1982; Chen and Forsyth, 1978; Ward, 1983 Ward, , 1984 . However, as pointed out by Christensen and Ruff [1983] , these areas are also showing signs of stresses related to spatiotemporal variation of activity of interplate thrust earthquakes.
For coupled subduction zones the outer-rise events are compressional prior to large subduction zone earthquakes [Christensen and Ruff, 1983] and tensional after large subduction events, as the tensional stress from slab pull is temporarily transmitted to the outer rise. We are inclined to assume, on the basis of our modeling and observations, that the additional pulsating tension-compression stresses associated with earthquake cycles (see later discussion) are perhaps sufficient to cause the observed change of mechanism of outer-rise events. The magnitude of the pulsating stresses might not be very large, but they superpose on the more or less steady bending stresses which may be near to conditions for either extensional or compressional failure at different depths.
First, let us note here that only tensional outer-rise events are found for uncoupled subduction zones (Kermadec, Java, New Hebrides, Marianas, and Izu-Bonin [Christensen and Ruff, 1983-1), suggesting that the slab there is constantly under tension due to the slab pull. The only exception is the TongaKermadec Trench, which has both tensional and compressional events [Christensen and Ruff, 1983 
Loading Episodes, Interactions Along Slab and Quiescence
Now we turn to more subtle seismicity observations on loading episodes, that is, trends of updip progression of seismicity during the whole earthquake cycle, that are cited in subsections 2.1 and 2.2. In our pursuit of observations concordant with the idea of stresses pulsating during the whole earthquake cycle in the mode suggested by our modeling and, also, with the idea of progressive loading of the locked thrust zone coming from below and caused by the sinking slab, we will concentrate here on ephemeral phenomena of seismicity patterns of small earthquakes (m• _> 4.0), treating their occurrence as a kind of stress gauge, that is, as a sign of higher stresses in the area. Here we would not claim that the observed seismic patterns indicate unambiguously the stress transfers and interactions taking place in the subduction process. However, it does appear that they can be interpreted in a manner which is not discordant with the general notions of These and other observations of seismicity patterns for large subduction events in Mexico [Lovison, 1986] 2. The stresses a u' equilibrate zero body forces, since the ao" already equilibrate the gravitational forcing.
3. There is viscoelastic (rather than steady viscous) resistance of the asthenosphere beneath the underthrusting plate and in the wedge between it and the overriding plate, since now the stresses and strain rates vary in time. The subducting and overriding plates respond elastically.
The viscoelastic response to the perturbative fields should be described, strictly, as the response to a time-dependent perturbation from the steady strain rate field associated with tii"(r ). If that viscoelastic perturbative response is approximated as being described, as here, by linear constitutive relations, then the ao'(r, t) as well as the ti[(r, t) have zero time average.
In the present work we address the perturbation fields. This is done in the context of a highly simplified one-dimensional model of the underthrusting plate, as in Figure 1 The region --oc < x < 0 is referred to as the ocean plate, 0 < x < z as the thrust contact zone (later we take z equal to 3H), and z < x < oc as the descending slab. Shear resistance r t' is equal to 0 along the ocean plate, whereas r,' along the descending slab (z < x < oc) and %' everywhere (--oc < x < + oc) are assumed to follow the Maxwellian viscoelastic coupling 
Consideration of the gravitational loading of subducting
plates, as reviewed recently by Spence [1987] , does, however, allow some characterization of these time average stresses. For example, the presumed dominance of slab pull as a driving force suggests that a" will correspond to extensional stresses in regions of the plate downdip from the thrust contact zone, that is, in the subducting slab zone of Figure 11 . Also, since flexure of the plate is significant updip from the thrust contact toward the outer rise, we may expect •" to have a strong bending component there, that is, to be extensional at shallow depth and compressional at greater depth in the plate.
We wish to use our stress calculations to draw inferences on the induction of moderate seismicity, as documented in the earlier discussion. While the connections between stressing and seismicity are not clear in detail, the following hypothesis seems justified: Seismicity is induced when stresses are large and increasing. Here, by "large" in a seismically active zone undergoing earthquake cycles we mean of a magnitude approximately comparable to the largest stresses of the same type that occurred in previous cycles. The attribute "increasing" is necessary in the sense that reduction of stress will shut off seismicity (although a large enough reduction could induce seismicity of a different mode, e.g., with reverse slip).
Results for Simple Thrust Earthquake Cycles
In the first case we assume that A(x, t)jumps by VvtT every- 
CONCLUSION
The results of an elementary model of stress variation in time through the earthquake cycle for coupled subduction zones are compatible with seismicity observations from such zones around the world. In particular, model simulations are compatible with the presence of extensional outer-rise earthquakes early in the cycle and compressional ones later in the cycle and with extensional (normal) intraplate earthquakes, downdip from the zones of main subduction events, in the latter part of the cycle. Also, the model simulations of interactions between preslip in the thrust zone and stressing in the descending slab may successfully, though nonuniquely, explain some observed seismicity episodes and, also, precursory seismic quiescence.
According to the concepts introduced here, the combination of both moderate compressional events in the outer rise and normal (tensional) intraplate events in the descending slab provide mechanical signals that stresses in both those regions are attaining values comparable to the largest stresses sustained in previous earthquake cycles. Correspondingly, the high-compressional stress in the oceanic plate and tensional stress in the descending slab imply that the locked thrust zone, which impedes motion of the ocean plate into it and of the slab downdip, is subjected to high shear loading. Thus the occurrence of both types of events, as seen in Figure 1 Working with the equations of the one-dimensional model described by equations (2), (3), and (4), suppose that the stress r t is suddenly dropped by the uniform amount z along the thrust contact zone 0 < x < z. The surroundings respond elastically, and the sudden displacement u in the plate is such that B d2u/dx 2 must be equal to u on --oo < x < O, u --bz/# on 0 < x < z, and 2u on z < x < oo. Here B --2bH/ (1 --v) . The solution for u is constructed by requiring that u and du/dx be continuous. The resulting expression on 0 < x < z is 
